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I n t r o d u c t i o n  

Computer programs t h a t  r e q u i r e  s u b s t a n t i a l  amounts of 1/0 o f t e n  u s e  

p a r t  of primary memory as a b u f f e r  f o r  d a t a  from secondary memory. I f  

t h e  overhead t o  manage t h e  d a t a  i n  primary memory is n e g l i g i b l e  and t h e  

b u f f e r  consumes p rev ious ly  unused primary memory, then  t h e  u s e  of b u f f e r s  

improves performance due t o  t h e  f a s t e r  access  t o  primary than  t o  secondary 

memory. The use  of a b u f f e r  i n  a v i r t u a l  memory system may cause  a dec rease  

i n  performance due t o  competi t ion fo r  primary memory between t h e  program 

and the b u f f e r .  The 

dynamics of double  paging w a s  cha rac t e r i zed  by Goldberg and Hassinger  

[ l ]  as t h e  running of a paged opera t ing  system under a paged v i r t u a l  machine 

monitor.  I n  t h i s  paper ,  double paging r e f e r s  t o  t h e  management of b u f f e r  

s t o r a g e  under t h e  c o n t r o l  of a paged v i r t u a l  memory environment. 

Performance can' a l so  be degraded by double paging. 

W e  d e f i n e  v i r t u a l  b u f f e r s  a s  t h e  I10 b u f f e r s  i n  a program running on a 

v i r t u a l  memory system. I n  a previous s tudy  [ 2 ]  of t h e  use  of v i r t u a l  b u f f e r s ,  

w e  conducted a m u l t i f a c t o r  experiment t o  s tudy t h e  e f f e c t s  of f o u r  f a c t o r s  

on performance. The f a c t o r s  were v i r t u a l  b u f f e r  manager, v i r t u a l  b u f f e r  s i z e ,  

primary memory s i z e  and paging replacement a lgor i thm.  

experiments  w a s  conducted i n  a con t ro l l ed  l abora to ry  environment [3]  by running 

a d a t a  base management program on a dedica ted  system and measuring t h e  perform- 

ance as w e  v a r i e d  t h e  f a c t o r s .  The d a t a  base management program executed a 

predetermined and unvarying s c r i p t .  

Th i s  series of 240 

The experiments  i n  t h e  previous s t u d y  d id  n o t  p a r t i t i o n  real  memory between 

t h e  program and i t s  v i r t u a l  bu f fe r .  

b u f f e r ,  a l l  competed f o r  real memory. 

page t a b l e  by t h e  page replacement a lgori thm. 

The program, ope ra t ing  system and v i r t u a l  

The real memory w a s  managed i n  a g loba l  



In this study we partition memory between the program and the virtual 

buffer so that the impact of the control variables can be more effectively 

evaluated. We implement the partition by modifications to the page replace- 

ment algorithm, We conduct a set of partitioned experiments in a controlled 

environment using the same data base management program and script that was 

used in the non-partitioned experiments. We vary an interesting subset of 

the same factors used in the non-partitioned experiments and, in addition, 

vary the amount of real memory allocated to the virtual buffer. 

The partitioned experiments show that the least amount of paging in the 

system is achieved when different paging algorithms are used for the program 

partition and the buffer partition. Significant variations in performance 

are produced when the amount of primary memory is fixed and the partition 

size is varied and when the partition size is also fixed and the virtual buf- 

fer size is varied. The best system performance was achieved when the virtual 

buffer was either the same size as the buffer partition or was much larger 

than the partition. The partitioned experiments also show that while double 

paging is a significant factor, the variation in double paging due to the 

interaction between the paging algorithm and the buffer manager is not signif- 

icant. 

Environment 

The partitioned and non-partitioned experiments were conducted on a PRIME 

300 minicomputer. The PRIME 300 has a 16-bit word size and supports up to 

256K words of real memory (1K=1024 words). Our system has 64K words. The 

PRIME has virtual memory hardware which supports up to 512 pages of 512 words 

each. The PRIME peripherals of interest in these experiments consist of two 

moving head disks each having a capacity of 3 million words. 

r 



We have instrumented t h e  PRIME’S o p e r a t i n g  system w i t h  a so f tware  probe. 

The probe i s  locked i n  memory and cannot i n t e r a c t  w i t h  t h e  paging p rocess .  

The probe r e c o r d s  e v e n t s  t h a t  cause a s i g n i f i c a n t  change i n  t h e  system such 

as t h e  occurrence of a page f a u l t .  

experiments i s  a p ro to type  d a t a  base management (DBM) system. The DBM i s  run 

on a ded ica t ed  machine w i t h  t h e  software probe c o l l e c t i n g  s i g n i f i c a n t  even t s  

on t a p e  f o r  l a te r  a n a l y s i s .  The DBM system execu te s  t h e  s a m e  s c r i p t  of d a t a  

base  r e q u e s t s  i n  each of t h e  experiments. The s c r i p t  completely traverses t h e  

data b a s e  and causes  r ead ing ,  i n s e r t i o n  and d e l e t i o n  of d a t a  as i t  i s  executed. 

The a p p l i c a t i o n  program w e  used i n  our  

The DBM system o rgan izes  d a t a  i n  a tree s t r u c t u r e d  format .  Requests are  

made i n  a series of p r i m i t i v e  funct ions t h a t  perform elementary o p e r a t i o n s  on 

t h e  d a t a  base.  The d a t a ,  names and p o i n t e r s  i n  t h e  d a t a  base are encoded i n t o  

40-word segments. One phys ica l  disk r eco rd  c o n t a i n s  e l even  d a t a  base segments. 

The d a t a  base used i n  t h e  experiments c o n t a i n s  45 r eco rds .  We a l l o c a t e  each 

d i s k  record t o  a s e p a r a t e  page i n  the v i r t u a l  b u f f e r  t o  avoid p h y s i c a l  page 

boundary ove r l aps .  The DBM v i r t u a l  b u f f e r  s i z e  i s  chosen by t h e  u s e r  when t h e  

DBM system i s  i n i t i a t e d .  The s i z e  of t h e  v i r t u a l  b u f f e r  can range from 1 t o  

64 pages i n  1 page increments.  

can be found i n  [ 2 ] .  

A more d e t a i l e d  d e s c r i p t i o n  of t h e  environment 

Previous S tud ie s  

Tuel [ 4 , 5 ]  o r i g i n a l l y  s tud ied  the paging and 1/0 performance of an IBM 

d a t a  base  system (IMS Version 2 . 4  s y s t e m  running on VS/2 Release 1 . 6 ) .  Tuel 

7.” . b Y L u l a t e d  -+.. a t h e o r e t i c a l  model of t he  b u f f e r  1/0 (paging i n  t h e  b u f f e r  + 110 
a c c e s s e s ) .  H i s  model and empir ical  r e s u l t s  were reasonably c l o s e  when only 

t h e  b u f f e r  paging w a s  considered.  The e a r l y  v e r s i o n  of IMS used i n  t h e  s tudy  

fo rced  t h e  v i r t u a l  b u f f e r  t o  b e  searched a t  every 1/0 r e q u e s t  s i n c e  a p o i n t e r  

a r r a y  d e s c r i b i n g  t h e  c o n t e n t s  of the b u f f e r  w a s  not  used. Tuel concluded t h a t  

-3- 



b u f f e r  1/0 inc reases  w i t h  i n c r e a s i n g  v i r t u a l  b u f f e r  s i z e  i f  t h e  b u f f e r  is  

allowed t o  page. Therefore  t h e  least amount o f  b u f f e r  1/0 is  achieved by 

reducing t h e  v i r t u a l  b u f f e r  s i z e  t o  f i t  t h e  number of  pages a v a i l a b l e  i n  real 

memory. 

O u r  d a t a  base system and la te r  v e r s i o n s  of IMS now have a p o i n t e r  array 

d e s c r i b i n g  t h e  con ten t s  of t h e  v i r t u a l  b u f f e r .  Searching t h e  p o i n t e r  a r r a y  

causes  much less paging a c t i v i t y  than  t h e  e a r l y  IMS technique  of r ead ing  t h e  

informat ion  from t h e  i n d i v i d u a l  b u f f e r s .  I n  a p rev ious  paper  by Sherman and 

Brice [ 2 ]  w e  assume t h a t  s ea rch ing  t h e  p o i n t e r  a r r a y  gene ra t e s  no page f a u l t s .  

W e  develop a very s imple t h e o r e t i c a l  model which p r e d i c t s  t o t a l  I f 0  per  d a t a  

base  r eques t  (T)  i n  t h e  v i r t u a l  b u f f e r  as  a func t ion  of v i r t u a l  b u f f e r  s i z e  

i n  pages ( N ) ,  pages of real  memory a l l o c a t e d  t o  t h e  v i r t u a l  b u f f e r  (M) and t h e  

number of pages i n  t h e  d a t a  base  (D). The model assumes t h a t  t h e  random (RAND) 

page replacement a lgo r i thm and RAND b u f f e r  manager are  used and t h e  d a t a  base  

r e q u e s t s  are uniformly d i s t r i b u t e d .  

v i r t u a l  b u f f e r  i s  given by 

T o t a l  110 per  d a t a  b a s e  r eques t  i n  t h e  

M N 
N D T(M,N,D) = (1- -) page f a u l t s  + (1- -) 1/0 accesses f o r  

1 < ?f < N < D. - ._ - 

3y use of t h i s  modti, *C show Lnat i t  i s  p o s s i b l e  t o  i n c r e a s e  the v i r t u a l  

bviffer s i z e  ( N )  and reduce t h e  t o t a l  1/0 p e r  d a t a  base  r eques t  i n  t h e  b u f f e r  

f o r  v a r i o u s  f ixed va lues  of Y and D .  

Although the model assumes t h a t  t h e  program and b u f f e r  a re  paTt i t i nned .  

t h e  paging algori thms used i n  our  prev ious  experiments  d i d  no t  p a r t i t i o n  memory. 

The f a c t o r s  w e  considered i n  t h e  non-par t i t ioned  experiments  are  memory s i z e ,  

v i r t u a l  b u f f e r  s i z e ,  page replacement a lgo r i thm and b u f f e r  management a lgori thn; .  

Our a n a l y s i s  of t h e  empi r i ca l  r e s u l t s  of t h e  non-par t i t ioned  experiments  

l e d  t o  t h e  following conclus ions :  The i n t e r a c t i o n  between t h e  paging a lgor i thm 

and t h e  b u f f e r  a lgor i thm d i d  no t  have a s i g n i f i c a n t  e f f e c t  on the ?-uffer  110. 



While double paging existed, the double paging rate was not significantly 

different for any combination of paging algorithm zri.2 I;..LrLrLL U 1 b V ~ ~ ~ ~ ~ ~ .  I I K  

cost of system 1/0  (buffer 1 / 0  + paging in the program) can decrease when 
the virtual buffer size is increased but that the amount is very dependent on 

the amount of real memory available. 

buffers can overcome the costs of double paging and the increased program 

paging resulting from the use of virtual buffers. 

. .  -. 

The performance advantages of virtual 

Exper h e n  t s 

The multifactor non-partitioned experiments of our previous study are 

extended in this paper to include 5 levels for the size of the memory parti- 

tion allocated to the virtual buffer. In our partitioned experiments we use 

the RAND and SCH (second chance [6] also known as the Multics [ 7 ]  algorithm) 

page replacement algorithms. The page replacement algorithms treat each par- 

tition separately. Pages in one partition are not considered by the page re- 

placement algorithm when a fault occurs in the other partition. The changes in 

the page replacement algorithms to allow partitioning are the only differences 

in these experiments and the previous experiments by Sherman and Brice [2]. 

The partitioned experiments use the FIFO (first in - first out), RAND, SCH, and 

LRU (least recently used) virtual buffer managers and virtual buffer sizes of 1, 

5, 10, 15, and 20 pages. The total amount of real memory is set to 40K, 44K, 

and 48K. 

The buffer partitions for these experiments are 1, 5, 10, 15, and 20 pages. 

We only perform experiments for combinations of virtual buffer size and buffer 

partition where the buffer partition is less than or equal to the virtual buffer 

size. It would be unreasonable to execute a program with a virtual buffer size 

smaller than the buffer partition. For example, experiments with a virtual 

buffer size of 20 pages are combined with all the possible buffer partitions 

while experiments with a virtual buffer size of 5 are combined with buffer par- 

titions of 1 and 5 pages. 
-I;- 



A total of 360 experiments are performed and analyzed. The different 

experiments are defined by combinations of the 2 paging algorithms, 4 buffer 

managers, 3 real memory sizes, 5 memory partition sizes and virtual buffer 

sizes where the virtual buffer was at least as large as the buffer partition 

size. 

Results 

Total I / O  in the partitioned system (system I / O )  is composed of 1/0 

accesses in the virtual buffer, :paging in the virtual buffer and paging in 

the program. The 1/0 accesses in the virtual buffer are depenctent on the 

virtual buffer size and the buffer management algorithm. 

are listed in Table I. Paging in the virtual buffer is dependent on the 

page replacement algorithm in the buffer, the number of real pages allocated 

to the buffer (buffer partition), the virtual buffer size and the buffer 

management algorithm. The paging in the buffer is shown in Table 11. Table I1 

divides ppging in the buffer into paging caused by the disk 1/0 manager 

(double paging) and paging caused by attempts to reference the data in the 

buffer (reference paging). Paging in the program is a function of the page 

replacement algorithm in the program partition and the amount of real memory 

available in the program partition. 

page fault counts for all of the different program partition sizes. A 

program partition size is determined by subtracting buffer partition size 

from real memory size. For each of the three real memory sizes there are 

five buffer partition sizes giving a total of fifteen program partition sizes. 

In order t o  omit congestion we usually present figures that are repre- 

The 1/0 accesses 

Table I11 contains the average program 

sentative rather than exhaustive in terms of the number of levels of factors 

available. A complete set of figures for the partitioned experiments can 

be constructed from the data in Table I, Table I1 and Table 111. 



System 1/0 i s  shown i n  Figures I through 111. For a given p a r t i t i o n  s i z e  

t h e  s m a l l e s t  va lues  f o r  system 1/0 are ob ta ined  when t h e  v i r t u a l  b u f f e r  s i z e  

is  equa l  e i t h e r  t o  t h e  p a r t i t i o n  ( t h i s  i s  e q u i v a l e n t  t o  a non-v i r tua l  system 

i n  t h e  b u f f e r  p a r t i t i o n ) ,  o r  t h e  maximum v i r t u a l  b u f f e r  s i z e  of 20 pages (at 

t h i s  s i z e  a s i g n i f i c a n t  reduct ion i n  t h e  number of 1/0 accesses has  occur red ) .  

When program paging is  s u b s t a n t i a l ,  such as i n  t h e  experiments u s i n g  less real 

memory (F igu re  I),  system 1/0 decreases  as t h e  program p a r t i t i o n  becomes 

l a r g e r .  

system 1/0 a l s o  dec reases  f o r  larger b u f f e r  p a r t i t i o n s .  

In t h e  experiments using more real memory (Figure I1 and F igure  111) 

I n  o r d e r  t o  understand t h e  performance of t o t a l  1/0 i n  t h e  system w e  

examine each of i t s  components s epa ra t e ly .  The program paging f o r  a l l  experi-  

ments is  shown i n  F igu re  IV with the  averages i n  Table  111. The v a r i a t i o n s  

due t o  t h e  program paging requirements of t h e  d i f f e r e n t  b u f f e r  managers and 

d i f f e r e n t  s eeds  i n  t h e  RAND page replacement a lgo r i thm are  r e l a t i v e l y  small. 

The paging behaves as expected i n  t h e  program p a r t i t i o n .  The SCH page replace- 

ment a lgo r i thm c r e a t e s  fewer page f a u l t s  t han  t h e  RAND a lgo r i thm and paging 

i n c r e a s e s  as t h e  program p a r t i t i o n  dec reases .  

Since program paging inc reases  as t h e  b u f f e r  p a r t i t i o n  i n c r e a s e s ,  a de- 

c r e a s e  i n  system I/O can only occur i f  t hose  components of t o t a l  1/0 i n  t h e  

b u f f e r  p a r t i t i o n  ( b u f f e r  I/O) decrease.  Buffer  1/0 dec reases  a s  t h e  b u f f e r  

p a r t i t i o n  i n c r e a s e s  when t h e  v i r t u a l  b u f f e r  s i z e  i s  equal  t o  t h e  p a r t i t i o n  

s i z e  s i n c e  t h e r e  i s  no paging i n  the b u f f e r  and t h e  number of 1/0 a c c e s s  

dec reases .  

i n c r e a s e  i n  program paging, sys tem 1/0 is  reduced. P o i n t s  A ,  B y  C of F igu re  

I11 i l l u s t r a t e  cases where system 1/0 i s  reduced by an i n c r e a s e  i n  b u f f e r  

p a r t i t i o n  s i z e .  P o i n t s  2, D ,  E of F igu re  111 show cases  where system 1/0 

i s  inc reased  by an i n c r e a s e  i n  buffer  p a r t i t i o n  s i z e .  

When t h e  decrease i n  b u f f e r  1/0 is  g r e a t e r  than t h e  corresponding 

-7- 



S l i g h t  decreases  i n  system 1/0 due t o  an inc reased  b u f f e r  p a r t i t i o n  s i z e  

are observed i n  some of  t h e  experiments w h e r e  t o t a l  memory s i z e  i s  48K. No- 

t i c e a b l e  inc reases  i n  system 1/0 are t y p i c a l  when t o t a l  memory s i z e  i s  40K. 

This  i s  i l l u s t r a t e d  by p o i n t s  A ,  B ,  C y  D ,  E of F igure  I .  

Once a bu f fe r  p a r t i t i o n  i s  e s t a b l i s h e d ,  the v i r t u a l  b u f f e r  s i z e  is  allowed 

t o  range from the b u f f e r  p a r t i t i o n  s i z e  t o  20  pages i n  our  experiments .  W e  

d e f i n e  t h e  buf fer  r a t i o  t o  be  v i r t u a l  b u f f e r  s i z e  d iv ided  by t h e  b u f f e r  p a r t i -  

t i o n  s i z e .  A buffer  r a t i o  of 1 r e p r e s e n t s  a non-v i r tua l  b u f f e r  p a r t i t i o n  (no 

paging can occur i n  t h e  b u f f e r ) .  

accesses  and inc reases  paging i n  t h e  b u f f e r .  Inc reas ing  t h e  b u f f e r  r a t i o  can 

only reduce buf fer  1/0 i f  t h e  decrease  i n  110 accesses  i s  g r e a t e r  than  t h e  

i n c r e a s e  i n  bu f fe r  paging. 

Inc reas ing  t h e  b u f f e r  r a t i o  dec reases  d i s k  

Buffer  1/0 i s  composed of 1/0 accesses ,  double paging and r e fe rence  paging. 

Double paging occurs when t h e  b u f f e r  manager chooses t o  r e p l a c e  t h e  information 

i n  a page + h a t  i s  not  i n  real  memory. Reference paging r e f e r s  t o  page f a u l t s  

caused by a t t e m p t s  t o  use information t h a t  i s  i n  t h e  v i r t u a l  bu f fe r  but no t  i n  

r e a l  memory. We d e f i n e  t h e  double paging ra te  t o  be t h e  number of double  page 

f a u l t s  d iv ided  by  t h e  number of 110 accesses .  W e  d e f i n e  t h e  r e fe rence  paging 

r a t e  t o  be t h e  number of r e fe rence  f a u l t s  d iv ided  by 1075 minus the  number of 

1/0 accesses .  The maximum number of d i s k  accesses  which can occur  i n  ou r  ex- 

periments is  1075. Table  I1 d i v i d e s  t h e  paging f o r  a l l  t h e  p a r t i t i o n e d  experi-  

ments i n t o  re ference  and double paging. 

a l l  of t h e  p a r t i t i o n e d  experiments.  

a lgor i thm,  bu f fe r  manager, b u f f e r  p a r t i t i o n  s i z e  and v i r t u a l  b u f f e r  s i z e  is  

obta ined  by adding t h e  corresponding t h r e e  va lues  from Table  I and Table  11. 

Table I con ta ins  t h e  1/0 accesses  f o r  

Buffer  110 f o r  a given page replacement 

Some observed va lues  f o r  bu f fe r  110 art shown i n  F igure  V .  Buffer  1/0 

. 7 ,  L - , k L ~ & L L J  shows a sharp  i n c r e a s e  as soon as t h e  b u f f e r  r a t i o  becomes g r e a t e r  

than 1. Th i s  is  followed by a decrease  i n  b u f f e r  1 /0  as t h e  b u f f e r  r a t i o  i s  
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extended t o  i t s  maximum value.  

p a r t i t i o n  i s  u s u a l l y  observed when t h e  b u f f e r  r a t i o  is  1. 

The minimum v a l u e  f o r  b u f f e r  1/0 i n  a given 

The shafp i n c r e a s e  i n  b u f f e r  1/0 i s  caused by a sha rp  i n c r e a s e  i n  paging 

when t h e  b u f f e r  r a t i o  is  s l i g h t l y  l a r g e r  t han  1. I f  t h e  number of 1/0 access 

is c l o s e  t o  i t s  maximum va lue  of 1075 when t h e  b u f f e r  r a t i o  is  1, t h e  i n c r e a s e  

i n  paging i s  due t o  an i n c r e a s e  i n  double paging. 

cesses i s  s m a l l  when t h e  b u f f e r  r a t i o  i s  1, a sha rp  increase i n  r e f e r e n c e  

paging causes  t h e  i n c r e a s e  i n  paging. Th i s  phenomenon can b e  seen from an  

examination of Tables  I and 11. The double paging i s  h igh  when the  1/0 ac- 

cesses are l a r g e  because t h e  double paging rate i n c r e a s e s  very qu ick ly  as 

soon as t h e  b u f f e r  r a t i o  is  g r e a t e r  than 1 f o r  t h e  SCH, FIFO and LRU b u f f e r  

managers. The RAND b u f f e r  manager has  a double paging ra te  t h a t  does n o t  

i n c r e a s e  as qu ick ly  as t h e  o t h e r  bu f fe r  managers. F igu re  V I  shows t h a t  t h e  

double paging rate f o r  t h e  SCH paging a lgo r i thm i n c r e a s e s  c l o s e  t o  i t s  maximum 

v a l u e  of 1 f o r  a l l  t h e  b u f f e r  managers except  RAND. The double paging rates f o r  

t h e  RAND paging a lgo r i thm inc rease  almost as s t e e p l y  as those  shown i n  F igu re  V I  

bu t  t e rmina te  a t  s i g n i f i c a n t l y  l o w e r  va lues  f o r  a l l  t h e  b u f f e r  managers except  

RAND. 

s i z e  and is  i n s e n s i t i v e  t o  t h e  page replacement a lgori thm. 

I f  t h e  number of 1/0 ac- 

The r e f e r e n c e  paging r a t e  i nc reases  almost l i n e a r l y  with v i r t u a l  b u f f e r  

Table I shows t h a t  t he  1/0 accesses dec rease  as t h e  v i r t u a l  b u f f e r  s i z e  

i n c r e a s e s  and t h e  FUND b u f f e r  manager r e q u i r e s  fewer 1 / 0  access  t h a n  

The b e t t e r  performance of t h e  RAND b u f f e r  manager i s  due t o  the  record r e f e r e n c e  

p a t t e r n  which c o n t a i n s  a few highly referenced r eco rds  u s u a l l y  sepa ra t ed  by 

s t r i n g s  of r e f e r e n c e s  [ 2 ] .  

t h e  o t h e r s .  

Figure V shows t h a t  t h e  RAND bu f fe r  manager has l e a s  b u f f e r  I / O  than 

t h e  SCH b u f f e r  macager. 

s imi la r  t o  t h e  SCH b u f f e r  manager. The performance of t h e  RAND b u f f e r  manager 

is b e t t e r  than t h e  o t h e r s  because i t  t y p i c a l l y  has  less 1/0 accesses  and a 

The FIFO and LRU b u f f e r  managers produce r e s u l t s  



lower double  paging rate. Th i s  combination r e s u l t s  i n  less b u f f e r  I / O  even 

though t h e  re ference  paging of t h e  RAND b u f f e r  manager i s  h ighe r  a t  v i r t u a l  

b u f f e r  s i z e s  of 10 and 15. 

An examination of Table I1 shows t h a t  t h e  RAND pager  produces s l i g h t l y  

fewer page f a u l t s  t han  t h e  SCH pager  f o r  t h e  RAND b u f f e r  manager. The 

RAND pager  o f t en  produces s i g n i f i c a n t l y  fewer page f a u l t s  t han  t h e  SCH 

pager  f o r  t h e  o ther  b u f f e r  managers. This  i s  a d i r e c t  r e f l e c t i o n  of  the 

r educ t ion  i n  the  double  paging rate by t h e  RAND pager .  The b e s t  combination 

of paging a lgor i thm and b u f f e r  manager t o  reduce t h e  b u f f e r  1/0 t o  a minimum 

when t h e  bu f fe r  r a t i o  i s  g r e a t e r  than  1, i s  c l e a r l y  t h e  RAND paging a lgo r i thm 

and t h e  RAND bu f fe r  manager. 

Figure V I 1  con ta ins  t h e  b u f f e r  110 f o r  a l l  b u f f e r  p a r t i t i o n  s i z e s  w i t h  

a combination of RAND page replacement a lgo r i thm and RAND b u f f e r  manager. 

Corresponding model p r e d i c t i o n s  us ing  t h e  formula presented  i n  a ea r l i e r  

s e c t i o n  f o r  t o t a l  1/0 p e r  d a t a  base  reques t  are a l s o  shown i n  Figure VI1 f o r  

comparison. I n  t h e  model t h e  record  r e f e r e n c e s  were randomly d i s t r i b u t e d  i n  

D with  equa l  p robab i l i t y .  We showed i n  [ 2 ]  t h a t  t h e  d i s t r i b u t i o n  of  t h e  r eco rd  

r e fe rences  generated by t h e  test bed s c r i p t  more c l o s e l y  approximated an expo- 

n e n t i a l  d i s t r i b u t i o n .  Approximately 90% of t h e  r eco rd  r e f e r e n c e s  were conta ined  

i n  t h e  most f r equen t ly  r e fe renced  25 r eco rds .  The model p r e d i c t i o n s  are based 

on a d a t a  base  s i z e  ( D )  of 25 r eco rds .  A s  t h e  v a l u e  of  D i s  inc reased  t o  45 

( t h e  s i z e  o f  t h e  exper imenta l  d a t a  base)  t h e  va lues  f o r  p red ic t ed  b u f f e r  1/0 

i n c r e a s e .  The model i s  q u i t e  robus t  cons ide r ing  i t s  s i m p l i c i t y .  

The p a r t i t i o n e d  experiments  are conducted w i t h  t h e  same page replacement 

a lgo r i thm i n  each p a r t i t i o n .  

between program paging and b u f f e r  I/O. This  a l lows  us  t o  combine t h e  b u f f e r  

110 generated i n  one t e s t  case wi th  t h e  program paging genera ted  i n  ano the r  

t es t  case p a r t i t i o n e d  t h e  same way. 

Memory p a r t i t i o n i n g  removes any i n t e r a c t i o n  

S ince  t h e  b u f f e r  110 is  minimized by u s e  

L 

* 

. 

. 



of t h e  RAND paging a lgo r i thm and the  program paging is minimized w i t h  t h e  SCH 

paging a lgo r i thm,  a combination of t h e s e  two paging a lgo r i thm w i l l  produce 

t h e  minimum system I/O. 

W e  performed an a n a l y s i s  of va r i ance  [8] of t h e  v a l u e s  f o r  b u f f e r  paging 

f o r  b u f f e r  p a r t i t i o n  s i z e s  of 1, 5 ,  1 0  and 15 pages.  The a n a l y s i s  does n o t  

i n c l u d e  t h e  cases where t h e  b u f f e r  r a t i o  is 1. The f a c t o r s  included i n  t h e  

a n a l y s i s  are b u f f e r  manager, page replacement a l g o r i t h m  and v i r t u a l  b u f f e r  

s i z e .  The i n t e r a c t i o n  of t h e  b u f f e r  manager and t h e  page replacement algo- 

rithm do n o t  cause a s i g n i f i c a n t  amount of t h e  v a r i a t i o n .  The b u f f e r  managers 

caused most of t h e  v a r i a t i o n  f o r  the small b u f f e r  p a r t i t i o n s .  The b u f f e r  

managers and paging a lgo r i thms  both a f f e c t  t h e  v a r i a t i o n  s i g n i f i c a n t l y  f o r  

t h e  l a r g e  b u f f e r  p a r t i t i o n s .  

Conclusion 

W e  show t h a t  t h e  s i z e  of t h e  b u f f e r  p a r t i t i o n  can cause s i g n i f i c a n t  v a r i a -  

t i o n  i n  system 1/0 due t o  increased program paging. With p a r t i t i o n  s i z e  f i x e d ,  

i n c r e a s i n g  t h e  s i z e  of a v i r t u a l  bu f fe r  over t h e  p a r t i t i o n  s i z e  i n c r e a s e s  

b u f f e r  1/0 s i g n i f i c a n t l y  i n i t i a l l y  and then b u f f e r  1/0 dec reases .  

accesses  are considered equa l  i n  cost  t o  page f a u l t s ,  t h e  b u f f e r  1/0 a t  20 

pages i s  u s u a l l y  s l i g h t l y  g r e a t e r  than t h e  b u f f e r  1/0 when t h e  v i r t u a l  b u f f e r  

When 1/0 

w a s  equa l  t o  t h e  p a r t i t i o n  s i z e .  I f  1 / 0  accesses  c o s t  more i n  t e r m s  of t i m e  

t han  page f a u l t s  (as i s  u s u a l l y  the case i n  most systems) then  t h e  use of 

virtual b u f f e r s  can improve sys tem performance. 

There i s  a s i g n i f i c a n t  double paging e f f e c t  i n  t h e  b u f f e r .  The RAND page 

replacement a lgo r i thm produced less paging i n  t h e  b u f f e r  t han  t h e  SCH a lgo r i thm 

because i t  produced a lower double paging r a t e  al though t h e  SCH a lgo r i thm w a s  

c l e a r l y  s u p e r i o r  i n  t h e  program p a r t i t i o n .  The RAND b u f f e r  manager produced 

less b u f f e r  1/0 than  t h e  SCH, FIFO and LRU b u f f e r  managers because i t  produced 
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a lower double paging rate and fewer 110 accesses due to the stringed character 

of the record requests, 

buffer managers than the paging algorithm but the interaction of those factors 

does not cause a significant amount of variation. 

More variation in buffer 1/0 is usually due to the 

Our experiments show that it is possible for the use of a virtual buffer 

to improve performance in a partitioned system. The chances for improving 

performance are increased if: (1) The cost of 1/0 accesses are greater than the 

cost of paging. ( 2 )  The RAND paging algorithm is used in the buffer partition. 

( 3 )  The SCH paging algorithm is used in the program partition. ( 4 )  The RAND 

buffer manager is chosen. 

than the buffer partition size. 

( 5 )  The virtual buffer size is significantly larger 
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5 
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93 
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98 

- -- W\ND 

1 0 7 5  
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27 0 

1 5 4  

FIFO 

1075 
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434 

103 

TABLE I. Number of 1 / 0  requests  t o  read records i n t o  
the  virtual bdffer. 

Pages 
A 1  loca t e d  
To 
Buffer 
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5 
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15 

20 
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20 

I FIFO I LRU RAND SCH 
i' i r tu a 1 

I Buffer I 
I 

1 Source of F a u l t  
Size 

1 
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10 
1 5  
2 0  

S 
1 0  
1 5  
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1c 
1 5  
2 0  
15 
2c 
2 0  
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1 0  
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2 c  
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2G 
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If 
2 0  
1 5  
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2 0  

DP RP 

1 0 
787 282 
687 384 
422 648 
99 97c 
1 5  3 
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4 0 4  3 5 1  

9 8  687 
2 0  5 

268 185 
87 4 4 1  
33 1 3  
59 1 7 8  
3 4  29  

! 
I 

1 o i  
787 282 
6 E E  384 
4 2 1  648 i 

98 970 , 
5 0 ;  

6 7 5  1 0 3  
419 370 \ 

98 693 
1 0  0 ,  

406 27C 
9 2  5 8 5  ' 

88 255 
20 0 ,  

1 5  0 ;  

TABLE 11. Double paging (DP) and reference paging (RP) i n  t h e  
v ir tual  buffer. 
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